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The association between educational level 
and dementia in rural Tanzania
Stella-Maria Paddick1,3, Anna Longdon2, William K. Gray3, Catherine Dotchin1,3,  
Aloyce Kisoli4, Paul Chaote4, Richard Walker3,5
ABSTRACT. The majority of people with dementia worldwide live in developing countries. Studies from the developed 
world have reported an association between lower educational attainment and dementia, but there are few data from the 
developing world where literacy and educational levels are frequently much lower. In this study we assessed the association 
between education and dementia prevalence in a rural Tanzanian setting. Methods: In phase I, 1198 individuals aged 70 
and over were assessed using the Community Screening Instrument for Dementia (CSI-D). In phase Ii a stratified sample of 
those seen in phase I were fully assessed and a clinical diagnosis based on DSM-IV criteria was made where appropriate. 
Information regarding literacy, highest attained educational level and occupation were also collected. Results: The median 
subject cognitive score on the CSI-D was 25.7 (IQR 22.7 to 28.0) for females and 27.7 (IQR 25.7 to 29.4) for males. 
This difference was significant (U=117770.0, z= –9.880, p<0.001). In both males and females a lower CSI-D subject 
cognitive score was significantly associated with having had no formal education (U=34866.5, z= –6.688, p<0.001, for 
females; U=20757.0, z= –6.278, p<0.001, for males). After adjusting for the effect of age, having no formal education 
was significantly associated with greater odds of having ‘probable dementia’ by CSI-D, as was illiteracy. Amongst those 
interviewed in phase II, there was no significant difference in literacy or education between those with diagnosed DSM-IV 
dementia and those without. Conclusion: In this rural Tanzanian population, we found a significant association between 
low levels of education and dementia by CSI-D. This relationship was not significant in cases meeting DSM-IV criteria for 
dementia. 
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ASSOCIAÇÃO ENTRE NÍVEL EDUCACIONAL E DEMÊNCIA NA ZONA RURAL DA TANZÂNIA
RESUMO. A maioria das pessoas com demência no mundo vivem em países em desenvolvimento. Estudos realizados em 
países desenvolvidos têm relatado uma associação entre baixa escolaridade e demência, onde os níveis de alfabetização e 
educação são frequentemente muito mais baixos. Neste estudo avaliou-se a associação entre a educação e a prevalência 
de demência em um cenário rural da Tanzânia. Métodos: Na fase I, 1.198 indivíduos com 70 anos ou mais foram avaliados 
utilizando o Instrumento de Rastreamento Comunitário para Demência (CSI-D). Na Fase II uma amostra estratificada dos 
pacientes avaliados na fase I foram totalmente avaliados e um diagnóstico clínico baseado em critérios do DSM-IV foi feito 
quando necessário. Resultados: A mediana do escore cognitivo no CSI-D foi de 25,7 (IQR 22,7-28,0) para o sexo feminino 
e 27,7 (IQR 25,7-29,4) para o sexo masculino. Esta diferença foi significativa (U=117770,0, z= –9,880, p <0,001). Em 
ambos os sexos, masculino e feminino a pontuação cognitiva menor no CSI-D foi significativamente associada com ausência 
de educação formal (U=34866,5, z= –6,688, p <0,001, para as mulheres; U=20757,0, z= –6,278, p<0.001, para o sexo 
masculino). Após o ajuste para o efeito da idade, ausência de educação formal foi significativamente associada com maiores 
chances de ter provável demência pelo CSI-D, como foi para o analfabetismo. Entre os entrevistados na fase II, não houve 
diferença significativa na alfabetização ou de educação entre aqueles com ou sem diagnóstico de demência do DSM-IV . 
Conclusão: Nesta população da Tanzânia rural, encontramos uma significativa associação entre baixos níveis de educação 
e demência pelo CSI-D. Esta relação não foi significativa em casos que preencheram os critérios do DSM-IV para demência.
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INTRODUCTION
Dementia is becoming a worldwide public health is-sue, with 44.35 million people currently estimated 
to have the condition.1 The resultant disease burden is 
considerable in terms of disability and health resource 
utilisation. Since curative treatment is not currently 
available, preventive strategies and identification of po-
tentially modifiable risk factors are the priority. Strate-
gies to improve quality of life for people with dementia 
and their carers are also urgently needed.
In sub-Saharan Africa (SSA), it is estimated that 
there are currently 2.1 million people with dementia.2 
Recent data suggest that prevalence of dementia in 
the elderly is currently similar to that reported in high 
income countries3-6 and will continue to rise as demo-
graphic transition continues. In fact, 71% of people with 
dementia will live in low and middle income countries 
(LMIC) by 2050.1 Identification of potentially modifi-
able risk factors relevant to these settings is therefore 
even more pressing. 
Cognitive reserve is a potentially modifiable risk fac-
tor which is currently the subject of much research inter-
est.7-10 The concept originates from evidence that there 
is often little relationship between observed degree of 
neuropathology and cognitive impairment, with some 
individuals able to tolerate a much greater degree of 
disease burden without demonstrating clinical evidence 
of dementia.7,11,12 Educational exposure is thought to 
increase cognitive reserve through neuroplasticity and 
creation of more complex neural networks, resulting in 
the ability to compensate for greater degrees of neuro-
pathology in later life.11 Education is therefore frequent-
ly used as a proxy for cognitive reserve in studies.13
In high-income countries, educational attainment is 
consistently associated with reduced dementia risk14-17 
as well as a delay in onset of the dementia syndrome. 
Meta-analyses report relative risk (RR) of 1.59 for all de-
mentias for those with lower education and pooled OR 
of 2.61 (95% CI 2.21-3.07).13-18 The association appears 
greater for Alzheimer’s disease (AD) with a RR of 1.88.18 
The majority of these studies include subjects with rela-
tively high levels of education in high-income countries. 
It follows that they cannot be generalised to low-income 
countries where significant numbers of elderly people 
are illiterate. Nevertheless, illiteracy appears to also 
have a consistent association with dementia.19
In LMICs, data on education and dementia risk are 
few and the association appears less consistent.20 In 
general, the relationship between dementia and educa-
tion level appears to be weaker in settings where access 
to education is lower. Studies from Korea, China,21-23 
Egypt24 and Arab populations in Israel25 have reported 
illiteracy or less than one year of school attendance to 
be associated with dementia, whereas studies from In-
dia26,27 did not find a significant association. These stud-
ies report overall illiteracy or ‘no education’ rates of be-
tween 11%27 and 73%.26
In SSA, data on educational level and dementia 
is even more limited. Of the small number of studies 
which have been published, the majority report no sig-
nificant relationship between educational level and de-
mentia,28-32 with the exception of one study.33 The over-
all educational level reported in dementia prevalence 
studies from SSA is also low, with quoted illiteracy rates 
of 47%31 to 96.6%.4
In low literacy settings the situation is further com-
plicated by difficulties in assessing cognition with the 
possibility of false positives on dementia screening if 
assessment tools designed in high-income settings with 
higher educational levels are used.34,35
Low education may also be a marker of general so-
cial disadvantage and may be difficult to separate from 
other socioeconomic factors associated with dementia 
risk such as rural residence. In settings where access to 
education is low across the population, other markers 
of cognitive reserve have been suggested. These include 
occupational attainment and self-reported literacy as 
these may reflect learning outside formal educational 
settings.
The aim of this study was therefore to assess the 
relationship between measures of cognitive reserve in-
cluding self-reported education, literacy, occupational 
level and dementia risk in a rural Tanzanian population 
of similar socio-economic background using cognitive 
assessment tools designed for low-literacy settings. 
METHODS
These data were collected as part of a two phase com-
munity-based dementia prevalence study in the Hai dis-
trict, Northern Tanzania. This study and full methods 
have been published elsewhere,3 so only a brief sum-
mary will be presented here. 
Population. The Hai district is a rural area on the slopes of 
Mount Kilimanjaro. The majority of the population are 
subsistence farmers, but some families are able to pro-
duce cash crops such as coffee and tomatoes. The major-
ity of the population are of Chagga origin, with a smaller 
proportion in the lowland areas being Maasai. The Hai 
district is a demographic surveillance site (DSS) and 
therefore regular censuses are conducted. Using census 
data, trained village health workers invited all persons 
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aged 70 and over residing in six representative villages 
to take part in the study. 
Assessments. All participants were screened for demen-
tia in phase one using the Community Screening In-
strument for Dementia (CSI-D)36 by local village health 
workers who had been trained in its use by members of 
our team. This screening tool was specifically designed 
for use in developing countries and in low literacy set-
tings and includes an informant interview. The CSI-D 
has been used extensively in developing countries more 
recently as part of the 10/66 dementia research group 
protocol35 and has been validated in Swahili in neigh-
bouring Kenya.37 The CSI-D has two parts; a patient 
cognitive screen (COGSCORE) in which the subject is 
asked a series of questions and asked to complete cog-
nitive tasks and a second section completed by a close 
relative or friend acting as an informant, which includes 
questions related to functional performance, such as 
activities of daily living (RELSCORE). The scores for 
the two sections can be completed to give an overall 
score that can be used to rank individuals into ‘prob-
able dementia’, ‘possible dementia’ and ‘no dementia’ 
categories. 
All participants were asked specifically about educa-
tional attainment in terms of grade reached in school 
and whether they had ever learned to read or write. Lit-
eracy was specifically asked about separately to take into 
account the fact that some participants might have been 
taught informally by family members despite never hav-
ing attended formal school. All participants were asked 
to give primary and secondary occupation, if applicable, 
in view of the fact that most people worked in agricul-
ture even if they had another source of income. 
In phase II, we aimed to fully assess all people with 
‘probable dementia’, at least 50% of people with ‘pos-
sible dementia’ and at least 5% of people with ‘no de-
mentia’. During clinical assessments subjects were 
interviewed by a research doctor using the 10/66 De-
mentia Research Group protocol.35 This includes the 
Geriatric Mental State (GMS),38 a neurological exami-
nation, a detailed background risk factor interview and 
the neuropsychiatric inventory (NPI).39 The Consortium 
for Research into Alzheimer’s Disease (CERAD) 10 word 
learning list40 was also administered as part of the pro-
tocol. This task has been extensively validated across de-
veloping countries and scores appear consistent across 
cultures. A diagnosis of dementia was made according 
to the DSM-IV criteria41 using all information available. 
Diagnoses were subsequently checked by a UK-based 
specialist in old age psychiatry.
Ethics. This study was approved by the National Institute 
of Medical Research, Dar-es-Salaam, Tanzania and by 
the Newcastle and North Tyneside Joint Ethics Com-
mittee in the UK. Signed informed consent was ob-
tained from each participant. We obtained a thumbprint 
for those that could not read and write. The purpose and 
implications of the study were verbally explained. In 
cases where patients were unable to give valid consent, 
written assent was obtained from a close relative. 
Statistics. Data were analysed using standard statisti-
cal software, PASW-18 for windows (PASW, Chicago, 
IL, USA). All data were non-normally distributed and 
so non-parametric tests were used. Data are described 
in terms of the median and inter-quartile range (IQR). 
Mann-Whitney U test (ordinal, interval and ratio data) 
and odds ratios (categorical data) were used to test dif-
ferences between groups. Logistic regression modelling 
was used to investigate the influence of multiple vari-
ables on key outcomes. The significance level was set at 
5% and two-tailed tests were used throughout. 
RESULTS 
Phase I screening. The six villages had a population of 
1,260 people aged 70 and older on the prevalence 
date, of whom 1,198 people were screened. Of those 
screened, 673 (56.2%) were female. From CSI-D screen-
ing in phase I, 184 people (15.4%) had ‘probable de-
mentia’, of whom 125 (67.9%) were female. A further 
104 people (8.7%) had ‘possible dementia’, of whom 68 
(65.4%) were female. The remaining 910 (480 female, 
52.7%), were classified as ‘no dementia’. The median 
subject cognitive score on the CSI-D was 25.7 (IQR 22.7 
to 28.0) for females and 27.7 (IQR 25.7 to 29.4) for 
males. This difference was significant (U=117770.0, z= 
–9.880, p<0.001). Educational data were available for 
1,186 people (99.0%). Overall educational level was re-
markably low. Of 668 females, only 44 (6.8%) had more 
than 4 years of education, 205 (30.7%) had 4 years or 
less, with 419 (62.7%) having had no education at all. 
Educational level was generally higher in males with 96 
(18.5%) reporting more than 4 years of education, 256 
(49.4%) had 4 years of education or less and 166 (32.0%) 
having had no education at all. Females were 3.56 times 
(95% CI 2.80-4.55) more likely to have had no education 
than males. A small number of participants had received 
education through adult literacy classes. Data on litera-
cy (being able to read and write) was also available for 
1186 subjects. Place of birth (Hai district or outside Hai) 
and ever having lived outside Hai district were available 
for all subjects. Median CSI-D COGSCORES for each of 
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these variables by gender are presented in Table 1. The 
association between literacy and schooling was strong. 
Only 12 subjects (1.0%) with no formal education were 
able to read and write suggesting that informal educa-
tion was uncommon in this setting. Of those who had 
attended school, only 44 subjects (3.7%) were unable to 
read and write. Both schooling and literacy were signifi-
cantly associated with higher CSI-D cognitive scores in 
both males and females. 
In both genders a lower CSI-D COGSCORE was sig-
nificantly associated with having had no formal edu-
cation (U=34866.5, z= –6.688, p<0.001, for females; 
U=20757.0, z= –6.278, p<0.001, for males). After ad-
justing for the effect of age, having no formal education 
was significantly associated with greater odds of having 
‘probable dementia’ by CSI-D, see Table 2.
Phase II assessments. In phase II we fully assessed 168 
(91.3%) of the people with ‘probable dementia’, 56 
(53.8%) people with ‘possible dementia’ and 72 (7.9%) 
people with ‘no dementia’ according to CSI-D score, giv-
ing a stratified sample of 296. 
Table 1. Literacy, schooling and life experience data in relation to CSI-D cognitive score
Yes No
SignificanceNumber
CSI-D score 
(median, IQR) Number
CSI-D score 
(median, IQR)
Females
Ever attended school (n=668) 249 (37.3%) 26.9 (24.7 to 28.9) 419 (62.7%) 24.8 (21.6 to 27.4)
U=34866.5,
z= –6.688, p<0.001
Can read and write (n=668) 232 (34.7%) 26.9 (24.7 to 28.7) 436 (65.3%) 24.9 (21.8 to 27.5)
U=34449.5, 
z= –6.791, p<0.001
Born outside Hai (n=673) 70 (10.4%) 25.2 (23.6 to 27.3) 603 (89.6%) 25.8 (22.6 to 28.1)
U=19397.0, 
z= –1.109, p=0.267
Ever lived outside Hai (n=673) 96 (14.3%) 26.1 (24.1 to 28.0) 577 (85.7%) 25.6 (22.6 to 28.0)
U=26581.0, 
z= –0.632, p=0.527
Males
Ever attended school (n=518) 352 (68.0%) 28.3 (26.3 to 29.9) 166 (32.0%) 26.5 (24.0 to 28.0)
U=20757.0, 
z= –6.278, p<0.001
Can read and write (n=518) 337 (65.1%) 28.2 (26.3 to 29.8) 181 (34.9%) 26.8 (24.0 to 28.6)
U=21481.5, 
z= –6.039, p<0.001
Born outside Hai (n=525) 66 (12.6%) 27.1 (26.1 to 28.3) 459 (87.4%) 27.9 (25.5 to 29.5)
U=13771.5, 
z= –1.194, p=0.233
Ever lived outside Hai (n=525) 157 (29.9%) 28.0 (26.2 to 29.6) 368 (70.1%) 27.5 (25.3 to 29.4)
U=26422.5, 
z= –1.549, p=0.121
IQR: inter quartile range.
Table 2. Logistic regression model of education as a predictor of having ‘probable dementia’ by ‘CSI-D’.
B Significance OR 95% CI for OR Lower Upper
Females No formal education 1.324 < 0.001 3.757 2.207 6.394
Age band 70-74 years 0.018 1
75-79 years 0.312 0.214 1.366 0.835 2.235
80-84 years –0.392 0.287 0.676 0.329 1.389
85 years and over 0.678 0.014 1.971 1.150 3.379
Constant –2.654 < 0.001 0.070
Males No formal education 1.546 < 0.001 4.693 2.582 8.529
Age band 70-74 years 0.425 1
75-79 years –0.394 0.270 0.674 0.335 1.357
80-84 years –0.738 0.130 0.478 0.184 1.243
85 years and over –0.193 0.638 0.825 0.369 1.842
Constant –2.640 < 0.001 0.071
OR: odds ratio; CI: confidence interval.
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Gender specific regression models were constructed 
to investigate the influence of schooling on various mea-
sures of cognitive function. CSI-D COGSCORE, CERAD 
10 word list score and DSM-IV dementia diagnosis were 
all investigated in univariate and age-adjusted models, 
see Table 3. Males with no formal education were signif-
icantly more likely to perform poorly on the CSI-D COG-
SCORE and on the CSI-D overall. This effect was not seen 
in females, and this is likely to be due, in part, to the lower 
levels of schooling in females limiting statistical power.
Interestingly, performance on the CERAD 10-word 
learning list and diagnosis of DSM-IV dementia were 
not associated with having attended school. Perfor-
mance on the 10-word list was similar in men and wom-
en with a median of two words recalled in both groups 
(U=9142.0, z= –0.603, p=0.547), despite the lower edu-
cation levels and greater age of the female group, sug-
gesting a lack of educational bias in this assessment.
Of those dementia cases with education data avail-
able (n=75), 31 had vascular dementia and 36 had 
Alzheimer’s disease. Rates of education did not vary 
between these two subtypes, with 10 (32.3%) and 11 
(30.6%), respectively, having attended school, odds ra-
tio 1.08 (95% CI 0.38 to 3.04). 
Other markers for cognitive reserve. Other potential mark-
ers of cognitive reserve were also assessed including 
highest occupation and markers of childhood disadvan-
tage such as head circumference and leg length. There 
was no association between highest occupation and 
DSM-IV dementia, although overall 88.6% of those 
with dementia and 93.7% of those without dementia 
were agricultural workers, with only 5.8% of those with 
dementia and 2.5% of those without dementia having 
previously had a clerical, administrative or professional 
occupation. Head circumference and leg length did not 
differ between those with and without DSM-IV demen-
tia for either gender. 
DISCUSSION
This population of older adults in rural Tanzania had a 
strikingly low overall level of education, particularly so 
in women. Illiteracy and low educational level were both 
associated with ‘probable dementia’ by CSI-D but not 
with dementia by DSM-IV criteria following a detailed 
clinical interview and further cognitive assessment. We 
will now consider possible reasons for this finding. 
Cognitive assessment by CSI-D. The CSI-D was developed 
and validated in low literacy settings,42 more recently 
forming part of the 10/66 international dementia re-
search group protocol used across LMIC.35
In other studies of dementia in SSA, the CSI-D has 
been used alone to assess for dementia,28 cognitive im-
pairment4 and as a screening tool for dementia.29 CSI-D 
COGSCORE totals of 28/3328 and 25.5/334 have been 
used as indicative of cognitive impairment or dementia 
respectively in SSA studies of dementia prevalence. In 
Hai, overall cognitive performance on the CSI-D COG-
SCORE was lower than might be expected, with median 
COGSCORE totals of only 25.7 for women and 27.7 
for men. 
In the original validation of the CSI-D across high 
and low literacy settings, mean COGSCORES for those 
who did not have dementia ranged from 28-30 with 
the exception of a cohort in Nigeria who had similar 
educational levels to our cohort in Hai and mean COG-
SCORES of 25.42
Although the 10/66 protocol has been developed for 
use in LMIC countries, those with increased educational 
level, particularly secondary education and higher, are 
recognised to perform better that those without educa-
tion on cognitive testing using this protocol.10 In Hai, 
the overall level of literacy and school attendance was 
low in comparison with sites such as India and China, 
included in the published study. Normative data have 
not been published for the SSA 10/66 study cohort, 
Table 3. Association between markers for cognitive function and schooling in phase II cohort.
Univariate odds ratio (95% CI, significance) Age adjusted odds ratio (95% CI, significance)
Females CSI-D patient cognitive score 1.01 (0.96 to 1.05, p=0.786) 1.00 (0.95 to 1.04, p=0.858)
CERAD 10 word list score 1.13 (0.97 to 1.31, p=0.115) 1.08 (0.92 to 1.26, p=0.339)
Probable dementia by CSI-D 0.83 (0.61 to 1.11, p=0.211) 0.85 (0.63 to 1.16, p=0.316)
DSM-IV dementia diagnosis 0.91 (0.47 to 1.77, p=0.776) 1.11 (0.55 to 2.22, p=0.774)
Males CSI-D patient cognitive score 1.11 (1.03 to 1.20, p=0.010) 1.09 (1.01 to 1.18, p=0.028)
CERAD 10 word list score 1.12 (0.91 to 1.37, p=0.273) 1.09 (0.87 to 1.37, p=0.452)
Probable dementia by CSI-D 0.48 (0.31 to 0.75, p=0.001) 0.54 (0.34 to 0.86, p=0.010)
DSM-IV dementia diagnosis 0.44 (0.16 to 1.18, p=0.103) 0.59 (0.20 to 1.76, p=0.345)
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possibly due to the small numbers involved, so direct 
comparisons are difficult, but low observed CSI-D scores 
might be due to differences in population norms for per-
formance in a very low literacy setting. 
It is recognised that even one year of school atten-
dance can markedly influence performance on cognitive 
testing, not only in tasks dependent on ability to read 
or write but in other tests of cognitive ability.43 In Hai, 
we found an independent association between school 
attendance and CSI-D cognitive score in in men, but not 
in women, possibly due to the low numbers of women 
who had attended formal education.
The CSI-D also includes a relative interview (REL-
SCORE) which is given proportionally more weight in 
scoring when compared to the cognitive section. Dif-
fering baseline cognitive ability cannot therefore be 
the only factor affecting CSI-D dementia. Nevertheless, 
those without formal education were more likely to 
have ‘probable dementia’ by CSI-D indicating that they 
had some degree of cognitive impairment, which was 
apparent to their relatives. 
Other cognitive assessments. As part of the 10/66 research 
group protocol, all participants seen in the second phase 
of the study were assessed using the CERAD 10 word 
delayed recall learning list.40 This list has been modified 
slightly from its original form prior to inclusion in the 
10/66 protocol, and involves reading a list of 10 familiar 
words to the participant before asking them to imme-
diately recall words from the list. The list is presented 
three times in a similar manner, and participants are 
then asked to recall these words after an interval of sev-
eral minutes. This word list used alone detected demen-
tia with a specificity and sensitivity of 73.5% and 76.9% 
respectively in the Ibadan-Indianapolis study.30 Perfor-
mance on this task has been reported to differ according 
to literacy status.43 However, population norms of per-
formance on this test across LMIC indicate that although 
variations in performance exist, delayed recall perfor-
mance for cognitively intact elderly is fairly consistent.44 
In Hai, we found that in contrast to the CSI-D, perfor-
mance on the 10 word learning list did not appear to be 
influenced by educational level or literacy with a median 
score on delayed recall of 2/10. Performance was nota-
bly lower than that reported in other LMIC countries,44 
but this task did appear to be less educationally biased 
than other cognitive assessment tools in our cohort. 
Comparison with other studies conducted in SSA. In contrast 
to the majority of studies from high-income countries, 
those conducted in SSA have, for the most part, not 
found an association between dementia on clinical as-
sessment and years of education.29,30 Although the over-
all number of conducted studies are few, educational 
level is broadly similar to that reported in Hai, with il-
literacy levels ranging between 47%31 and 97%.4 Those 
studies which do report an association describe popu-
lations markedly different to that in Hai. In an urban, 
mostly male cohort in Senegal, a significant association 
between illiteracy and dementia was reported.33 Anoth-
er study from Nigeria found that at least some primary 
education was protective for dementia,28 however this 
study used the CSI-D only when making dementia diag-
nosis. The proportion of participants having no formal 
education was 76%, higher than found in Hai and 89% 
of dementia cases were female. It may therefore be the 
case that those performing badly on the CSI-D were also 
those with lower levels of formal education, similarly 
to those found in our cohort in Hai. In general, in SSA, 
cognitive impairment assessed using screening tools, 
rather than clinical diagnosis, is associated with lower 
levels of formal education.45 Prevalence of cognitive 
impairment also appears relatively high45,46 when such 
screening tools are used to provide a diagnosis. In con-
trast, those studies including a clinical assessment for 
dementia report a lack of association with educational 
level and a lower prevalence of dementia than cognitive 
impairment. Overall in SSA, educational level appears 
to be associated with lower cognitive performance, de-
spite use of tools adapted to low-literacy settings. Since 
this lower cognitive performance is not generally asso-
ciated with higher levels of dementia following clinical 
assessment, education is unlikely to be a robust marker 
of cognitive reserve in these settings. 
Educational attainment. Most studies of dementia and ed-
ucational level have been conducted in settings where 
the overall level of education is significantly higher 
than in our cohort. In these settings, years of education 
are likely to be related to educational attainment, with 
those continuing with education likely to be more able. 
Cognitive performance measured at age 1111 or in young 
adults47 has been found to correlate with late life cogni-
tive ability independently of neuropathological evidence 
of dementia. Educational level could in these situations 
be a valid marker of cognitive reserve. Likewise, failure 
to complete education in these settings is likely to be 
a marker of more general social disadvantage which is 
likely to have an impact in terms of cognitive reserve. In 
this cohort where access to education appears to have 
been very limited, years of education are less likely to 
reflect childhood intelligence. 
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Literacy. Studies of older adults in high-income countries 
suggest that amongst cohorts with a low educational 
level, self-reported literacy may be a better measure 
of educational attainment than years of schooling.48 A 
meta-analysis of illiteracy and dementia risk reported 
a strong association.19 Studies from Nigeria have re-
ported a proportion of individuals learning to read and 
write through informal methods such as attendance at 
religious education classes.29,31 In Hai, few participants 
reported having attended adult education classes, and 
only 1% of those who had no formal schooling were able 
to read and write, suggesting that in Hai informal or al-
ternative education was not prevalent. Literacy is there-
fore not necessarily a more robust measure of childhood 
intelligence or cognitive reserve in this setting. 
Education and social disadvantage. In high-income settings, 
low educational level is often associated with other 
markers of childhood social disadvantage, also affecting 
cognitive reserve. The Ibadan-Indianapolis study, which 
compared African Americans living in Indianapolis with 
Yoruba living in Nigeria, found that low educational at-
tainment was associated with dementia in the American 
cohort but not in the Yoruba. In the Indianapolis cohort 
low educational level was highly correlated with rural 
residence and occupation. The prevalence of dementia 
was also significantly lower in the Yoruba despite a com-
paratively low level of educational attainment. 
In the Ibadan Study of Ageing, in Nigeria, there was 
a linear relationship between socioeconomic status, ru-
ral residence and dementia.30 Educational level did not 
show this association. Educational level may therefore 
be less associated with other markers of disadvantage 
in this setting. 
Since so many women had no schooling it is like-
ly that failure to attend school was in part a cultural 
norm and not the marker of deprivation that it might 
be in high income countries. During the course of our 
research it became clear that many older women had 
married and started a family at ages where they might 
have been expected to be at school in high-income 
countries. 
Occupation and rural residence. Occupational level has been 
suggested as an alternative potential measure of cogni-
tive reserve due to difficulties in comparing studies of 
educational level.9 Almost 90% of our participants were 
agricultural workers and we did not find any association 
between dementia and occupational attainment, pos-
sibly due to the small number of individuals recording 
other occupations. We found no association between 
rural residence and dementia risk, again maybe due to 
the vast majority reporting lifetime rural residence. 
Limitations. We relied on self and family report of literacy 
and educational level and made no attempt to assess 
this formally. In addition, the phase II cohort was strati-
fied, with over-sampling for poor performance on the 
CSI-D. Although this may have resulted in some bias, 
the themes explored in this study are unlikely to have 
been significantly affected by this. 
Conclusion. As reported from other studies in SSA, we did 
not find an independent association between dementia 
on DSM-IV criteria and educational level. The reasons 
for this are unclear. One possibility is that in this ru-
ral cohort, most of whom reported having never lived 
outside the area and having only worked in agriculture, 
low educational level is not the marker of social and eco-
nomic disadvantage that it might be in other settings 
where access to education is more widespread. Years 
of education might also not be a good marker of actual 
educational attainment, or indeed cognitive reserve, 
in this setting for the same reason. Performance on a 
screening tool designed for use in developing countries 
also appeared markedly lower than in other settings 
even in SSA. Similar findings are reported in other SSA 
studies where generally cognitive impairment on formal 
testing appears to be related to years of education, but 
prevalence of dementia is much lower when diagnosed 
on clinical assessment and generally not related to edu-
cational level. Alternative methods of measuring cogni-
tive reserve in SSA and similar settings are therefore 
likely to be needed for identification of modifiable risk 
factors for dementia.
Despite the existence of assessment tools for de-
mentia designed for developing country settings, these 
do appear to remain educationally biased when used in 
settings such as Hai with a very low level of access to 
education, and high rate of illiteracy. This results in dif-
ficulties in assessing the true relationship between de-
mentia and education in these settings. 
Worldwide, one in five adults is reported to be illiter-
ate with two thirds of these being women (UNESCO).49 
In Tanzania, although we reported a high level of illit-
eracy in this elderly cohort, current estimates suggest 
a 98% rate of primary school enrolment for current 
school aged children. A 73% adult literacy rate was re-
ported in 2011. The demographic profile of the current 
population of Tanzania may have changed considerably. 
It remains to be seen how this might affect dementia 
risk in future.
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